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ON SHORT SPARK PHENOMENA. 275 
app] ied to the interpretation of experiments which a re  really 
very complicated, alt8hoiigh at  f i r s t  sight they may seem to 
be simple. 
P~SCUSSION. 
Dr R. S. TVILr,ows criticised the paper and expressed the opinion that 
the  experiments described could all be accoiinted for by an extension of 
the  e t h e r - p ~ h e  theory. On the other hand, he instanced pheuomena 
mliich would be difficult t o  explain on the neutral pair theory. 
XVII. Short Spark Pl~eiaoineria. By W. DUDDELL, F,R.S.* 
[Plates XIV.-XVI.] 
JN connexion with some ineasuretnents of the cur ren t  in 
the secondary circuit of an induction-coil, I have noticed 
two curious effects, which a re  probably well known but 
which I do not reinemher having seen described anywhere. 
The apparatus inuse consisted of a 12-inch Newton induction- 
coil which was supplied from the 200 volt direct-cu rrent 
mains. A large resistance was placed in series with the 
primary of the coil to limit the current, and the current was 
interrupted by means of a mercury-jet interrupter ; the 
connexions are  shown in 
t 
fig. 1. The secondary circuit 
Fig. 1. 
n 
contained a galvanometer G to measure the mean current 
and thermo-ammeter T. A. to inemure the root-mean-squared 
Current. 
The galvanometer was specially constructed for the purpose 
* Read . 4 p d  10, 1908. 
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so as to have a sufficiently low sensibility without using a 
shunt. It v w  of the moving-coil type and nas well insnlated 
from earth by means of porcelain insulators. The sensibility 
was such that 1 milliampere gave a scale-deflexion of 200 
divisions (1 division equals 1/40 in.). The thermo-ammeter 
had a resistance of about 101.5 ohms and gave its full scale- 
deflexion for about 70 milliamperes R.M.S. value. 
By  breaking the current through the primary by in eans of 
a switch, the direction of the deflesion of the galvanometer 
corresponding to breaking the primary current was 
determined. A deflexion, in this direction I will call, in 
what follows, a positive deflexion, and a deflexion in the 
opposite direction, that is corresponding to the make of the 
primary current, I will call a negative deflexion. 
When there was no spark-gap in the secondary circuit and 
the coil was in action, the mean current, as read by the 
galvanometer, WRS zero, as it should be, and the root-mean- 
squared current had a value of about 3.S milliamperes. 
If now a microscopic spark-gap, Fay between two aluminium 
points, is introduced into the second:Lt-y circuit two curious 
eYects take place. Firstly, the R.M.S. current enormously 
increases in value ; and secondly, a very large deflexion is 
produced on the gilvanoineter, reading the mean current, 
and this deflesion is i n  the negative direction, that is to S B ~ ,  
in the direction corresponding to inxliing the primary circuit. 
I will consider these two effects separately. 
I n  order to give ai1 idea nf the magnitude of the increase 
in the R.M.S. current produced by introducing a very small 
spark-gap into the secondary circuit of the coil, 1 have plotted 
in fig. 2 the R.M.S. current corresponding l o  various 
lengths of spark betwecn 0 and 15 mm. I n  making these 
observations the resistance in the prininry circuit of the coil 
and the frequency of the interrupter of the primary current 
were kept constant, the resistance being 137 ohms aud the 
frequency 75 interruptions per second. The current through 
the. primary of the coil was abont 1/4 :impere. 
A large nuniber oE points were takeii and are  plotted 011 
the curve. They d o  not give very consistent restllts, SO it is 
tlifficult to draw a iinooth curve through thein ; but the 
gciieral :ippp:ir:ince of the plienomeiioii u:in Le seen. 011 
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introducing a spark-gap 1/10 nitn. Iong the root-mean-squared 
current instantly rose from 3.8 to 38.5 milliamperes, and 
continued to  increase with increasing spark-length untiI i t  
reached a maximum at rz spark-length somewhere in the 
neighbourhood of 1..L mm. The exact point is slightly un- 
certain owing to the R.M.S. current just exceeding the 
range of the instrurnent that was in use. Frorn 1.6 to 5 mtn. 
spark-length the R.M.S. current gradually fell in value and 
Fig. 2. 
attained a minimum value of 104 milliamperes. Further  
increase in spark-length produced a gradual increase in the 
R.M.S. current u p  to the maximum length of J.5 mm. that 
WBS used in the experiments. 
There is no doubt in my mind as  to the cause of this effect. 
It is due to very high frequency oscillations being set up in 
the wires connected to the secondary circuit of the coil when 
a spark-gap is introduced. The  magnitude of the oscillations 
VOL. XXI.  x 
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will depend 011 the voltage between the terminals of the spark- 
g a p  just before tlie spark passes and on the resistance tllat 
the spark-gap offers. Now the P.D. between the terminals 
of the spark-gap will increase with increasing length and SO 
will the resistance, so that on increasing the spark-length we 
have two conflicting agencies at work, one tending to increase 
the magnitude of the oscillatory current, and the secon,/ 
tending to decrease the magnitude. I think that it is due to 
this differential action that the curve is such a curious shape, 
The presence of the oscillatioiis in the secolldiirp circuit can 
easily be inade evident by tiiking a well insuliitcd metal plate 
and touching T-arious points in the secondary circuit with it, 
The effect of this plate will he to largely increase or decrease, 
generully incrense, tlie value of the R.M.S. current. The 
practical aspect of this question from my point of view mas 
that, owing to tho unespcctedly 1:trge value of the R.M.S. 
current, I burnt up several tlierino-ammeters before I dis- 
covered the cause of the trouble. 
I have obtained the effect with brass, iron, zinc, and 
aluininium electrodes and it probably takes place with :ill 
other metals. I think that, so far, the best metal toshow the 
effect has been aluminium. 
The large deflexion in the negative direction observed 011 
the galvanometer was investigated by recording the wnve- 
forins of the P. D. and the current by means of an  oscillograph. 
The sensibility of the osci!lograph was adjusted so that 1 min. 
deflexion equals 1 milliaiiipt~e for the current wave-forms. 
To obtaiii the P.D. wave-forms a water resistance of about 
1 rnegohiri was placed in series with the second moving systein 
of the oscillograph so that 1 nim. equals about 1000 volts. 
The speed of the plate on which the records were taken 
1500 imn. per second. For  this series of tests, the frequency 
of interruption was 75 per second and the reaistacce in series 
with priinnry of the indcction-coil was 37 ohms. 
Records were made for a series of s~)arB-lengths between 
aluu~iiniiun-point electrodes. 1 have selected from these so1118 
typical results which are shown in Plates XLV.-XVI. figs. 3, 
4, 5,  6,  7, 8. 
Fig. 3 is the current wave-form when the spark-gap is 
short-circuited, length 0. The str;iiglit linc ;icrobs the centre 
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of the figure is the true zero line. Deflexions above this 
zero line represent current in the positive direction and below 
the zero line represent current in the negative direction. It 
be noticed that the maximum current in the positive 
direction (14.5 milliamperes) is much less than the niaximum 
current in the negative direction (35 milliamperes), but the 
length of tinie that the negative current lasts is much shorter 
t]raii that which tlie positive current lasts j so that the areas 
of the two sides of the zero line are equal and ths  mean 
cnrrent zero. 
The sinallrst gap  that I could make in this circuit between 
the aluminium electrodes, a t  once changed the wave-form to 
the t-ype shown in fig. 4, which is for spark-length 1 mm. 
In this figure, the straight parts of the curve along the centre 
of the figure a re  i ~ i  the position of zero current. This was 
carefully checked by taking records with a fixed datum-line 
at the zero of the curve. The line was afterwards moved to 
the lower part of the figure in order not to hide small details 
of the curve near the zero. The effect of introducing the 
spark-gap of 1 mm. is, while leaving the maximum current 
on the two sides of the zero a t  practically the same value, to 
reduce the area of the curve on the positive side of the zero 
line nearly to zero, so that instead of the areas on the two sides 
being equal there is a large excess of area on the negative side 
causing a large mean current in the negative direction. 
On increasing the length of the gap a small area on the 
opposite Eide of tlre zero line ag i in  begins to form, which 
increases with increasing length of gap, until the condition 
shown in fig. 6 is reached. In this figure, the spark is some- 
times rectifying o r  stopping the current flowing round the 
circuit in the negative direction altogether. W e  have in  this 
figure the large triangulir current wdve form which corre- 
sponds to the current flowing in only one direction round the 
circuit, and the smaller triangular current pulses accompanied 
by a large current in the negative direction a t  make. 
Further lengthening the spark-gap brings i t  iiito the 
noriiial condition of long sparks ; the current wave of this is 
shown in fig, 7. The datum-line across the centre of the 
plate, in this case, is true zero line. 
It was necessary in order to obtain tlie wave-form of these 
x 2  
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longer lengths to disconnect the circuit for recording the P.D. 
wave-forin, as the leak which it formed, having a resistance 
of oiily 1 megohm, prevented Ihe sparks passing across the 
R"P* 
Fig.  8 showv the P.D. wave-form with so long a spark- 
gap  that the spark could not jump across it. This is tlie 
normal wave-form given on the secondary of the induction. 
coil when supplied from a high voltage direct-current circuit. 
It will be noted that the voltage induced in the circuit at 
the break is about 23,000 volts and a t  imke  about 13,500, so 
that the make voltage exceeds one half of the break voltage. 
Also, the voltage induced at the make dies away less rapidly 
than that induced at the break. It inay be enquired how it 
is possible, if the make voltage is less than the break voltage, 
for the current to  be larger at make than a t  break. I think 
that this question must be answered bg noting that during 
the make period the primary of the indnction-coil is connected 
to the supply mains so that the energy may be directIy trans- 
ferred froin the primary to the secondary circuit by magnetic 
induction ; that is to say, as long as we maintain a steadily 
increasing flow of current into the primary, we can continue 
to  take energy froin the secondary. During the break period, 
however, things are  very different. The whole of the energy 
that we can get out of the secondary is that stored up in the 
niagnetic field which is linked with the secondary winding. 
The greater part of this magnetic field will pass through the 
core. The magnetization of the core will depend upon 
the resultant magnetizing ampere-turns which is equal to the 
primary ampere-turns less the secondary ampere-turns. At 
the moment of break the current in the secondary is at a 
value of say 35 millinmperes, and the current in the priinary 
canuot have exceeded 2oo v* or  5.4 amperes. 
I do not know the esact raiio between the numbers of 
turns on tlie primary and on the secondary of this induction- 
coil, but, it, is probably of the order of 100, 50 that the % 
millianiperes flowing in the negative direction in the secondary 
would correspond t u  a demagnetizing current of about 36 
amperes in the priinary, which would leave a coinparittiJrelY 
siiiall inargin of r e d  taut tn:ignetizing ainpere-turus. 
37 ohins 
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If this is the case, the energy that can be got out of the 
secondary on break is re ry  limited, which would account for 
the rapid dying away of the current to zero when even R very 
small spark-gap is introduced in the circuit. Directly the 
length of the spark-gap is sufficient to prevent the current 
flowing in the negative direction round the secondary circuit, 
the Wrhole of the demagnetizing ef%ct ot' the secondary current 
i s  done away with, and under the conditions of t,he experiment 
the magnetizing current i n  the primary is mainly limited by 
the large resistance in thecircuit ; hence, we get a very much 
larger arnouiit of energy available directly the secondary 
current is prevented from flowing in  the negative direction. 
This I think accounts for  the large difference in the size of 
the current waves in  fig. 6, and shows the groat importance 
of preventing any current from flowing round the secondary 
circuit in the neg<itive direction at  make when using tlie 
induction-coil on a high voltage supply. 
I made certain that the phenonienon was not due to any 
want of symmetry in the p )ints of the spark-gap by reversing 
the electrodes of the gap and also by interchanging the 
connexions to it. The material of the electrodes did not seem 
to appreciably affect the results, but the shape of t he  electrodes 
was important in so far that the spark-length a t  which the 
galvanometer deflexion changed sign depended on the shape. 
Thus with two spheres the galvaiiometer deflexion changed 
sign at  a shorter length than with points. 
I have brought these two observations forward in the hope 
that in the discussion either my views as to the explan. 'i t ' ions 
m y  be coiifirrned or that better ones inay be suggested. 
DISCUSSION. 
Dr ALEXANDER RUSSELL thanlied Mr Duddell for his valuable 
paper and for  the exceedingly interesting and very successful demon- 
stration of short-spark phenomena. The Author's complete analysis o f  
the phenomena he has discovered wotild be a great help in  elucidating 
the difficult theory of the action of the induction-coil mid would throw 
light on niauy still unexplained erects. H e  believed t,hat the change of 
sign of the direct current component in the secondary ciivuit of an 
induction-coil was first discovered by AIr Duddell, and the Physical 
Society was to be coiigratt~lnted on hiLving heeii the fir& Society to  which 
this phenomenon wab clearly desciibed itnd demonsti-ated. I l e  considered 
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that  the rise io  the value of the effective current when the &*-gap wag 
widened was R resnnnnce phenonienon. The capacity betrocea the 
electrodes was in series with the inductance of the secondary, and hence, 
as the Author pointed out, Kelvin oscillatory discharges were continually 
taking phce. The shape of the curve showing the connectioli between 
the effcctive current and the distance betweeu the electrodes was strong 
evidence in support of this view. The explmation of the direct current 
component when the electrodes are at considerable distances Rpayt,  may 
be made by remenibering that the w w e  pulses of E.N.F. roulld the 
secondary at L ” L k e ”  and ‘‘break’’ are of very different shapes although 
their i n t e g d  values are the same. The niaxiiiiuni value of the induced 
E.M.F. a t  break is much greater and the consequent rush of electricity 
is more Hence, when the elect.rodes are 
sutlicieiitly far apart the air-gap is only broken down by the brealr E.31.F., 
and so we get a unidirectional pulsating current of triangulrtr shape. 
When the electrodes are closer together we get an alternating current, 
the shape of the positive and negative waves being quite different o\viiig 
to the differently shaped waves of E.31.F. at malie and break. W’hen 
they are very close together, the Author’s oscillograms show thr!t we get 
a palsntiag unidirectional current in the direction due to the “ nialiu ” 
E.M.1~. The reason for this strange pheuonie11on is by no “IS 
obvious. 
RIP S. SKINNER expressed his interest in  the paper, and referred to the 
experiments 011 the  electrolysis of steam carried out by J. J. Thoiuson 
by a modificatioa of Perrot’s iuethod. H e  found that  with short sparlis 
the hydrogen appeared a t  the  positive electrcde instead of a t  the negative 
as iu ordiiiary electrolysis. Perhaps this phenomenon was due to the 
same causes as the ef3kct.s shown by the Author. 
Dr 1t. S. TVILLOWY asked if the maximum current obtained was 
cunnected in any way with the minimum sparking voltage. 
Prof. CASSIE pointed out that the n i i ~ i n ~ u ~ n  spariiing voltage occurred 
at disttznces very iiiuc,h less than those used in ilIr Duddell‘s experi- 
ments. 
Nr C .  C. PATTERSON aslied if the Author had tried experiments with 
spark-gaps of different capacities. 
Nr S. CAMPBELL aslred i f  it was possiblv that the rectifying action 
of the spark-gap might be similar to that  of an ordiilnry aluminiul~ 
electrolytic reotitier. 
MY DUD1)EIL said he did not think the  effect vas  in any wag’ con- 
nected with the  minimum sparking voltage. H e  had tried varying the 
tliaterials of the electrodes and using electrodes of various capacities w d  
the effect was the same. 
impulsive ” than at make. 
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